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Results,!

Conclusion,and,Future,Work!

Introduc5on,and,Study,Concept,!
Clean! rooms! are! maintained! to! their! specific!
cerDficaDon!and!are!controlled!indoor!environments!
with! increasing! importance! for! modern! industrial!
manufacturing!processes.!Despite!stringent!cleaning!
and! maintenance! clean! rooms! are! not! sterile! and!
many! microbes! withstand! those! extreme!
oligotrophic!condiDons!(La!Duc!et)al.,!2007;!Moissl!et)
al.,)2007).!!

Modern! molecular! methods! are! capable! of!
measuring! comprehensive! microbial! burden/
diversity!about!any!given!environment!in!contrast!to!
culDvaDon! based! methods.! However,! an! oQen!
neglected! fact! of! molecular! approaches! is! their!
disability!to!differenDate!viable!porDons!of!microbes!
from! dead! cells! (Vaishampayan! et) al.,) 2013).! In!
addiDon! to! ATP! (adenosine! triphosphate)! assay,!
which! was! shown! to! assess! viable! and! acDve!
fracDons! of!microbes! (Venkateswaran! et) al.,) 2003),!
the! DNA! intercalaDng! dye! PMA! (propidium!
monoazide)!was!also!used!during!this!study.!!

The! uDlizaDon! of! PMA! to! mask! DNA! from! dead!
cells!is!an!elegant!method!to!disDnguish!intact!and!
viable! cells! from! dead! microorganisms! with!
compromised!cell!walls!on!molecular!level!(Nocker!
et) al.,) 2007;! Rawsthorne! et) al.,) 2009;!
Vaishampayan!et)al.,)2013).!!

Here!we!quanDfied!viable!microbial!bioburden!of!a!
spacecraQ! assembly! clean! room! (Class! 100K)! at!
NASA! Jet! Propulsion! Laboratory! and! its! adjacent!
servicing! facility! (gowning!room).!Furthermore!we!
give! an! insight! into! microbial! diversity! of! both!
rooms.! Floor! samples! were! collected! using!
Biological! Sampling! Kit! (BiSKit)! from! several!
locaDons! and! appropriate! samples! were! pooled!
before! subjecDng! to!molecular!analyses.! The!ATP_
assay! was! used! to! determine! relaDve! differences!
between! both! sampled! rooms! concerning! their!
acDve! microbial! fracDons.! qPCR! was! applied! to!
quanDfy! variaDons!of! PMA! treated!and!untreated!
metagenomic!DNA!porDons.!!

•! Viable! microbial! populaDon! (measured! by! ATP;! ~103! cells/m2)! was! less! in! the! spacecraQ!
assembly!facility!clean!room!than!the!adjoining!uncerDfied!gowning!facility!(~104!cells/m2).!
•!Even!though!percentage!of!viable!cells!was!recorded!high!in!the!clean!room!locaDons!(~50%)!
when!compared! to! the!gowning!area! (~4! to!14%),! the!abundance!of!viable!cells!was!one_log!
less! in!the!clean!room!surface!area.!This!reiterates!the!fact!that!the!stringent!maintenance!of!
JPL!spacecraQ!assembly!clean!room!floors!might!have!removed!excessive!number!of!microbial!
cells! but! some! selecDve! microbial! populaDons! were! able! to! survive! under! these! clean!
condiDons.!
•! The! qPCR! results! of! PMA! untreated! samples! showed! one_log! (gowning! area)! or! two_logs!
(clean! room! locaDons)! higher! bacterial! populaDon! than! total! ATP! assay! measured! microbial!
abundance.! This! might! be! due! to! the! fact! that! the! DNA! from! the! dead! cells! might! have!
persisted!even!aQer! cleaning!whereas!ATP!might!have!degenerated!due! to!alkaline!nature!of!
the!cleaning!reagents!used.!
•!The!qPCR! results!of!PMA_treated! samples! (viable!microbes)!exhibited! similar!abundance!of!
microbial!populaDon!(~104!cells/m2)!as!measured!by!ATP!assay!in!gowning!area.!

•!The!microbial!abundance!as!esDmated!by!the!PMA_qPCR!was!~102!to!104!bacterial!cells/m2!
and!by!ATP!assay!it!was!~103!microbial!cells/m2!in!clean!room!locaDons.!
•!As!a!next!step!16S!rRNA_gene!targeted!Illumina!MiSeq!based!next_generaDon!sequencing!will!
determine!the!persistent!microbial!species!in!the!clean!_and!gowning!room.!A!preliminary!view!
on! microbial! diversity! is! given! in! Figure! 3E.! In! addiDon,! a! metagenomic! approach! targeDng!
various!genes!is!planned!to!reveal!the!presence!of!acDve!funcDonal!microbial!species.!
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Background!
Metagenomics!approach!provides!a!comprehensive!microbial!census!as!well!
as! the! funcDonal! potenDal! of! a!microbial! community! surviving! in! a! given!
habitat.!We!will!adopt!well_developed!Metagenomics!approaches!to!Predict!
FuncDonal! CapabiliDes! (MPFC)! of! the! microbial! community! present! on!
spacecraQ! and! associated! surfaces.! The! MPFC! team! will! uDlize! next!
generaDon! sequencing! technologies! and! advanced! bioinformaDcs!
capabiliDes! that! have! been! developed! and! implemented! by! the! Joint!
Genome!InsDtute!(JGI),!a!co_invesDgator!insDtuDon.!

Figure,1:,A!comprehensive!flow!chart!depicDng!the!FuncDonal!Metagenomics!project!research!overview.,


